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Abstract
,QWKLVSDSHUDK\EULGIX]]\LQIHUHQFHDQGWUDQVIHUIXQFWLRQPRGHOLQJLVXVHGWRSUHGLFWWKHLUUHJXODUKXPDQEHKDYLRUGXULQJKDUG
DQG VWUHVVIXO WDVNV VXFK DV GDQJHURXV PLOLWDU\ PLVVLRQV $ VHW RI DIIHFWLQJ IDFWRUV VXFK DV PLVVLRQHU¶V H[SHULHQFH IDWLJXH
VXQVKLQH LQWHQVLW\KXQJULQHVV WKLUVWLQHVVSV\FKRORJLFDOFKDUDFWHULVWLFVDIIULJKWHWFPD\EH WDNHQ WRDFFRXQW ,Q WKLV UHJDUGD
G\QDPLF V\VWHP PRGHO LV XVHG WR SUHGLFW WKH FRQYROXWLRQ RI WKH WLPHG HIIHFWV RI GLIIHUHQW IDFWRUV RQL UUHJXODU EHKDYLRU RI
SHUVRQQHOGXULQJWKHPLVVLRQ7KLVDSSURDFKRISUHGLFWLQJLUUHJXODUEHKDYLRURUHUURQHRXVGHFLVLRQPDNLQJRIVWDIIKDYHVHULRXV








,Q UHFHQW \HDUV VHPL DXWRPDWLF DQG VRPHWLPHV IXOO DXWRPDWLF V\VWHPV KDV JDLQHG LPSRUWDQW XVDJH LQ LQGXVWU\
+RZHYHU KXPDQ UHVRXUFH SOD\V WKH PDLQ UROH LQ SHUIRUPLQJ GLIILFXOW WDVNV VXFK DV MRE VKRS SURFHVVLQJ UHVFXH
PLVVLRQVRUPLOLWDU\RSHUDWLRQV+XPDQ LV WKHPRVW LQWHOOLJHQW V\VWHPEXW LW KDV WKHGUDZEDFNRI JHWWLQJ WLUHGRU
VWUHVVHGKHQFHWKHUHLVDJUHDWULVNRIGRLQJIDXOW\DQGGDQJHURXVXQGHVLUHGDFWLRQV7KHUHDUHWZRPDLQFODVVHVRI
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DUH SUHVHQWHG LQ >@ >@ DQG >@ /LDQJ:DQJ:HLPLQJ +X 7LHQLX 7DQ KDV VWXGLHG GLIIHUHQW ZRUNV RQ KXPDQ
PRWLRQYLVXDOL]DWLRQ>@%RG\PRYHPHQWUHFRJQLWLRQWHFKQLTXHVDUHSUHVHQWHGLQ>@>@DQG>@6HYHUDOUHVHDUFKHV
KDYH WULHG WR SUHVHQW GLIIHUHQW PHWKRGRORJLHV DQG DOJRULWKPV IRU UHFRJQLWLRQ RI KXPDQ EHKDYLRU LQ GLIIHUHQW
HQYLURQPHQWV,QGRRURURXWGRRULQGLYLGXDOO\RUE\JURXSVEDVHGRQIDFLDODQGERG\PRYHPHQWUHFRJQLWLRQV>
DQG@,QWKLVSDSHUE\FRQVLGHULQJWKHH[LVWHQFHRIGLIIHUHQWIDFLOLWLHVIRUIDFHDQGERG\PRYHPHQWGHWHFWLRQD
G\QDPLF PRGHO LV LQWURGXFHG WR IRUHVHH WKH VWDII EHKDYLRU LQ VWUHVVIXO FRQGLWLRQV EDVHG RQ V\VWHPV HQJLQHHULQJ
PHWKRGRORJLHVE\GHYHORSLQJWUDQVIHUIXQFWLRQV$KLHUDUFKLFDOIX]]\LQIHUHQFHV\VWHPLVGHYHORSHGIRUHVWLPDWLQJ
WKHPRGHOSDUDPHWHUV
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2.1. Hierarchical hybrid system

$ KLHUDUFKLFDO K\EULG V\VWHP FRQVLVWLQJ )X]]\ ,QIHUHQFH 6\VWHP ),6 DQG GLIIHUHQWLDO HTXDWLRQ WUDQVIHU



















































'HOLEHUDWLRQ 761 7LPH 6SDQ DQG 4/9 4XDOLW\ /HYHO DUH FRQVLGHUHG DV WKH WZR PDLQ GHOLEHUDWLQJ IDFWRUV
DIIHFWLQJWKHVWUHVVRIVWDIIGXULQJWKHPLVVLRQ
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,Q WKLVPRGHO),6EORFNVSHUIRUP)X]]\ ,QIHUHQFH*VEORFNXVH WUDQVIHU IXQFWLRQVZLWKGLIIHUHQWSDUDPHWHUV WR
SUHGLFWWKHVWUHVVOHYHODVWKHFRQYROXWLRQRIHIIHFWVRIGLIIHUHQWFODVVHVRIFDXVHVRQVWUHVVPLWV7KHDJJUHJDWRU
DFFXPXODWHV WKH VWUHVV OHYHOV RI HIIHFWV RI FDXVHV DQG JHQHUDWHV WKH WRWDO OHYHO RI VWUHVV PW % \ LPSRVLQJ WKH
LQKLELWHUVLJQDOVVXFKDVXVLQJDLUFRQGLWLRQHULQFUHDVLQJWKHPLVVLRQGHDGOLQHLQFUHDVLQJWKHTXDOLW\WROHUDQFHDQG





































$IIHFWLQJIDFWRUV )LUVW3DUDPHWHU 6HFRQG3DUDPHWHU N W 6HQVLQJ7LPH
)DFLDO ',6  6:7    
$EQRUPDO0RYHPHQW $+7  +7:    
(QYLURQPHQW 7+0  +80    














































































WKH OHYHO RI VWUHVV IRU VWDII GXULQJPLVVLRQ FDXVHGE\GLIIHUHQW VWUHVVIXO IDFWRUV7KHSUHGLFWLRQ VWUDWHJ\ KHOSV WKH
V\VWHPWRSHUIRUPVXLWDEOHDFWLRQWDFWLFLQDSSURSULDWHWLPH,QIXWXUHZRUNVDGHFLVLRQPDNLQJDQDO\VLVE\VHYHUDO
FULWHULD ZLOO EH XVHG WR GHFLGH IRU VXLWDEOH DFWLRQ EHWZHHQ GLIIHUHQW DOWHUQDWLYHV EDVHG RQ G\QDPLFV RI WRWDO DQG
LQGLYLGXDOVWUHVVOHYHOV7KHPDLQGLIIHUHQFHEHWZHHQWKHSURFHGXUHLQWURGXFHGLQWKLVSDSHUDQGWKHFODVVLFKXPDQ
EHKDYLRUDQDO\VLVLVFRQVLGHULQJWKHFRQYROXWLRQRIHIIHFWVRIGLIIHUHQWSDUDPHWHUVLQWLPHGRPDLQZKLFKKHOSVWKH
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